This paper deals with aspects of neuroanthropology which may assist in the study of memetics. The neurobiological dimensions of the brain give rise to cultural evolution. Myth and ritual play an important part in human cultures due to their cognitive imperative which is concerned with existential mastery and ontological security. The role of memes may play a crucial part in this process which necessitates more scholarly exploration.
Introduction

1
In his works on neuroanthropology Sacks (1983; 1985; 1995) takes the reader through the annals of various case studies which have propelled neuroanthropology. Neuroanthropology examines the relationship between the human brain and culture. For this reason, it is advantageous to a study of memetics. The aim of this paper is to provide a discussion on neuroanthropology which may have implications to the study of memetics. Memetic theory is based on the notion that memes act as "units of cultural transmission which propagate themselves (Dawkins 1976 ). For Wilkins (1998) , memes are units which undergo cultural selective processes. Cultural selection makes certain memes more or less advantageous for replication. Blute (2005) points out that among memeticists the argument is continuing on whether memes act as either genes or viruses. My concern is not in engaging how memes are constructed in Corresponding author: Arthur Saniotis Address: Discipline of Anthropology, School of Social Sciences. The University of Adelaide. South Australia. 5005. Phone: + 61 83035730 e-mail: saniotis@yahoo.co.uk memetic discourse but rather in exploring how the concept of memes can find converging points between 'hard' and 'soft' sciences. Bloch suggests that memes are a constructive pedagogical tool which bypasses the need to make culture transcendental and mysterious (2005, p. 87) . Furthermore, he goes on to say a la Dawkins that biological and social scientists deal with divergent areas of "a unitary phenomenon" (Bloch 2005, p. 87) . One of the problems on the part of social scientists has been either a bias or lack of understanding of memes and their fear of 'biologising' human culture. On this note, Rappaport cautions us against biologistic accounts of human experience in favour of a cybernetic understanding of human culture which foregrounds unities and feedback in relation to material and social dimensions (Csordas 2001, p. 227, 241) . Alternately, memeticists need to become more familiarised with social scientific theories (Bloch 2005) . From a neuroanthropological viewpoint, I am interested in the correspondence between brain and its social manifestation in symbolic thought which is the forte of the social scientific project.
The Neuroanthropological Gamut
The basis of neuroanthropology is both a study of the organismic development of the human brain and human behaviour. Human beings have evolved with 'intense consciousness' (Ehrlich 2000) which has enabled them to create complex societies, which mirror the deep structures of the mind. Self-reflexivity is a process of consciousness as is the propensity for categorising the life world. The plethora of symbol systems of the genus Homo sapiens testifies to the complexity of the human brain and its ongoing evolution. Rappaport (1979, p. 97) , calls people's knowledge of their environment as 'cognisized models' while Laszlo (Laszlo 1996) refers to ideas and belief systems as 'mind maps.' In either case, the ideational organisation of mind is to a large extent based on the creative plasticity of the brain and its interaction with the environment. Several authors such as Geertz (1973) have noted how the evolution of human culture has worked in tandem with the evolution of the human brain, whereby each has inextricably informed the other. Two major areas of brain ability have been in complex problem solving and adaptation to the "complexities of social life" (Humphrey 1976, p. 316) . A noted feature here is the size of the neo cortex and its link with complex social structures and adaptational creativity in which certain memes are passed on via cultural transmission (Ehrlich 2000, p. 113) . For example, Geertz examines the symbolic constitution of culture. Culture involves the belief and engagement of a particular worldview, ethos, values, and norms. The stylistic variations in which different and similar symbols are used from one culture to another may be suggested to mirror the neuroplasticity of the brain.
"Symbolically mediated adaptations" were instrumental in the evolution of hominids. Therefore, culture was a significant factor in the human evolutionary process and not simply an end product (Shore 1996, p. 33) . From a memetic point of view, memes played an intrinsic part in brain evolution, its "sources of patterning and activation" (Shore 1996, p. 34) . Similarly, Geertz proffers an alternate theory of mind:
The accepted view that mental functioning is essentially an intracerebral process, which can only be secondarily assisted or amplified by the various artificial devices which that process has enabled man to invent, appears to be quite wrong. On the contrary, a fully specified, adaptively sufficient definition of regnant neural processes in terms of intrinsic parameters being impossible, the human brain is thoroughly dependent upon cultural resources for its very operation, and those resources are, consequently, not adjuncts to, but constituents of mental activity (Geertz 1973, p. 76) .
The extent in which human beings are dependent on symbolic constituted mental activity is reconfirmed in studies done on feral children. Once in human company, the feral children had to be socialised into human language and culture, a transition from human animals to human beings.
Geertz, like other anthropologists struggled between two apparently contradictory models, one which is organic and fixed, and the other as contingent and emergent (Shore 1996, p. 34) . This opposition reflects the rift between behavioural and humanistic understandings of human behaviour.
Mental Representations and Neuroanthropology
Core symbols which Durkheim refers to as 'collective representations' contain an array of meanings which sustain group identity, solidarity and functionality (Durkheim 1968) . Since symbols are both multilayered and multivalent it becomes the task for the anthropologist to unravel and explain (Moore 2004, p. 228) . Levi-Strauss (1963 , was one the first anthropologists to discuss the correlation between brain and culture. Like Durkheim, he uses the idea of representations to examine cultural beliefs and worldviews. However, he goes further by pointing out that the basis of mythic structures reflect "mental structures that provide the organizing categories of cultural phenomena" (Moore 2004, p. 240 It is by these interior patterns that the mind possesses knowledge of the world outside. If, in the final analysis, this distinction between mind and nature is dissolved, it is because the neurological mechanisms that underwrite the mind's apprehension of the world are part of the very world that is apprehended (Ingold 2000, p. 17) .
For Levi-Strauss, the world sends coded messages to the brain, from where the brain decodes them. The relationship between mind and the world is essentially fixed. The "mind as a processor of information" (Ingold 2000, p. 18) , reveals "system of relations constituted by the multi-sensory environment of the perceiver to his or her environment" (Ingold 2000, p. 18) . This is represented in the diagram as follows:
Like Levi-Strauss, Douglas (1966 Douglas ( , 1970 places an onus on symbolic classifications in her cross cultural thesis. For Douglas, the human body is the site for delineating symbolic boundaries which regulate human behaviour. Primarily, symbolic boundaries demarcate between contamination and purity. While Douglas's schemata is not described in neuroanthropological terminology, it does privilege the human body, the locus of mind, in relation to time, nature and social behaviour (Moore 2004, p. 277) . In memetic terms, the body as core symbol is both an organic entity and a symbolic template for transmitting various kinds of knowledge between human beings.
Polluting categories offer an adaptational method since they may diminish the likelihood of high risk behaviours such as eating hazardous foods or avoiding dangerous animals. In this way, symbolic categories may be viewed as both biologically and culturally advantageous.
Myth as Cognitive Imperative
Arguably, the realm of neuroanthropology and myth provides a fertile area to an analysis of memes. The universality of myth may be suggested to offer a "novel environmental stimuli" which enables participants with a degree of ontological security within their cognizant environment (Laughlin et al. 1979, p. 12-13) . Myths provide templates for organizing life, assisting during life crises and self discovery (Teske 2006, p. 187) . Myths may deliver psychological healing and directs human consciousness through various life stages, and for mitigating the potential for psychological fragmentation (McAdams 2001, p. 780) . Myth narratives play a part in arousing sub-cortical levels in the brain's limbic areas which coordinate affective states (Teske 2006, p. 187; Jung 1967) . In this sense, myth serves as a neural model for its motor expression ─ ritual (Laughlin & d'Aquilli 1979, p. 304) .
The idea of myth as archetype is significant here as they can be viewed as master memes, memes that are not only replicated but generate a genre of other memes. Eliade contends that ritual being an embodiment of myth plays out mythicoarchetypal themes (1958, p. 429) . Characteristic of myth and ritual sequences in many societies is the recapitulation of the mythical world, its entities, animals, places and objects. The mythical world is "created by the process of classification and the repetition of the classification of itself perpetuates the knowledge which it incorporates" (Leach 1966, p. 405 ).
An understanding of myth demands a neurobiological examination of those brain areas where myth and ritual are generated. As Turner (1983) suggests, that the study of human behaviour under the auspices of social science needs to locate human symbol making capacity to human biology. Human beings are biological beings with a unique propensity towards symbolic construction. The crowning point of
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ISSN 1303 5150 www.neuroquantology.com human beings is an advanced central nervous system of massive parallel capacity for complex problem solving and self awareness. The human brain consists of approximately 100 billion neurons and 100 trillion synaptic connections; an extensive neuronal network operating a vast range of cognitive functions. Human cognitive functions are vehicled via cortical maps, connecting the neo-cortex, limbic and R-complex areas of the brain. This neuronal circuitry is a multifarious feedback system which modifies "multiple and parallel mappings of sensory surfaces," and interactions with motivational and affective "structures in subcortical areas" (Teske 2006, p. 177) . The neurosensory system responds to certain patterns of stimulation which are proffered by myth and ritual to the production of arousal, ecstasy, distress, anger, calm. Representation of mythic and ritual patterns can be perpetuated, and "modified to produce variation, and communicate mimetically, dramatically, or symbolically to others, in storied forms which we learn and are socialized" (Teske 2006, p. 177) .
Paul Maclean (1990) indicates that the brain has a triune level of organization, consisting of composite archaean limbic and Rcomplex (reptilian brain) areas and the neocortex. Each part of the brain has a different phylogenetic history and "distinctive organization," albeit, being interconnected by the neuronal network (Turner 198, p. 226) . The R-complex, consisting of the pons and medulla oblongata regulates motor functioning and "instinctive behavior" "the genetically preprogrammed perceptual-motor sequences such as emotional displays, territorial defense behaviors, and nest building" (Tuner 1983, p. 226). The paleo-mammalian or limbic system includes the hypothalamus (centre of homeostatic bodily functions such as heart regulation, sex, and thirst) and pituitary gland (endocrine regulator). The neo-cortex region is approximately one-eighth of an inch in thickness and includes frontal, temporal, parietal and occipital cortical areas. The neocortex co-ordinates abstract thinking, problem solving, language, and self reflexive consciousness, the birthplace of culture which modifies genetically programmed behaviour (Turner 1983, p. 229) . "The evolutionary hypertrophy of the prefrontal cortex," resulting in much of human higher brain functions characterises "human cognitive ability" such as the inventions of symbolic behaviour (Oates 1999, p. 27; Deacon 1997; Donald 2002) . Teske argues that the brain requires a high degree of intersubjectivity without which the person remains underdeveloped and socially dysfunctional (Barrett 1984) . The nature of this social interdependence is posited on symbolic constructions. The neuroplasticity of the neural tissue is subjected to the "emergence of a supervenient symbolic world such as myth" and ritual (Teske 2006, 172) . Consciousness is largely dependent on "somatic marking" such as ritual which foregrounds the body as mythic representation (Damasio 1994, p. 165) .
In addition, the brain consists of left and right hemispheres. Trevarthen explains that the right brain hemisphere seems to be actively involved in the social world while the left brain hemisphere seems to be more receptive and private (1980, p. 185) . More investigation needs to be done on the two brain hemispheres and symbolic emergence. Edith Turner notes that structuralists have placed more emphasis on the left brain hemisphere, while the right brain hemisphere may contain an entourage of "silent symbols" (E. Turner 1986, p. 231) . According to Trevarthen (1986) , the left brain hemisphere has been hegemonous in western societies which privilege rational and logical thinking and their embodiments, science and technology. The ascendancy of the left brain hemisphere is largely responsible for the "current schizoid mentality" and its overt dependence on technological solutions (Ross 1986, p. 245) .
The right brain hemisphere which coordinates intuitive, artistic and spatio-temporal modalities has been largely dismissed leading to what Carrol (2002) ascribes to as the suppression of the feminine principle in western societies. If this is the case, the right brain hemisphere is characterised by the transmission of memes that have led to pathology in western dominator societies (Trevarthen 1980, p. 197; Laszlo 1996) . Myth and ritual may pit the two brain hemispheres against each other; their activity producing new insights (Lex 1979; d'Aquili & Laughlin 1979 The limbic system constitutes the ergotropic (energy expending) and trophotropic (nourishing) systems. The ergotropic system is the energy activating process within the nervous system. The ergotropic system also includes the sympathetic system and the medulla region, and co-ordinates arousal and affective states (Turner 1983, p. 231) . The trophotropic system controls the parasympathetic system and is involved in cognitive processes such as sedation, meditative and trance states. Turner (1983) and E. Turner (1986, p. 219) , maintain that during ritual the two systems are engaged in a particular way. When the movement and repetitive based ergotropic system is overloaded the trophotropic system is activated, constituting a unitary consciousness. This hemispheric integration also involves limbic and R-complex areas (Ross 1986, 244) . The switching mechanism between the two systems gives rise to various altered or transcendental states of consciousness referred to as unico mystica or conjunctio oppositorium. The liminal inducing qualities of ritual is suggested by Turner as leading to a communitas state which engenders feelings of oneness with fellow participants or the cosmos, unity, equality, and abrogation of social hierarchies (Turner 1969 (Turner , 1974 , and is analogous with Eliade's notion of 'sacred retrieval' (Eliade 1958 (Eliade , 1959 . Transcendent and trance like states derive at the nexus "between supratemporalparietic limbic areas in the right hemisphere" and may be managed by the "centercephalicintegrative-action" of the upper brainstem" (Ross 1986, p. 245; Penfield 1975) .
Turner correlates the left hemisphere to the generation of 'master memes;' gods, spirits, and supranormal powers (Turner 1983, p. 232) . Ritual seeks to resolve the contradictions and tensions which are posed by myths. The way in which ritual does such problem solving is via kinetic and repetitive cycles, incorporating visual and auditory stimuli. For example the mystical practice of collective chanting (dhikr) employed by many Sufi orders combines, chanting, movement, and breathing which activate the ergotropic system. During the ritual, participants may experience a communitas like state referred to as hal which may embody both ecstatic and trance behaviours.
According to d 'Aquli & Laughlin (1979) , the construction of myths are inherent in the neural structure of the brain.
From an evolutionary point of view, the problem solving capacities of myth which herald a cognitive imperative maybe regarded as being cultural advantageous to environmental adaptation. Myths are organized precisely because cognition demands order and existential mastery. Such "organization of reality into mythic structures" is seemingly innate and an immanent feature of the human brain (d'Aquili & Laughlin 1979, p. 171) . In short, humans cannot live without creating myths. As Hefner declares: "Our hardware is so made that we are open to the sacred" (1984) .
Conclusion
In this paper, I have outlined neuroanthropological aspects to an understanding of memetics. The study of memetics is fairly recent and is in its developmental stage. For this reason it is instructive to develop an inter-disciplinarian approach to the study of memetics which includes cognitive and social sciences. My overview of neurobiology to the study of myth as attempted to highlight areas in which memetics may be involved in such an analysis.
Bateson's ideas of high civilisation are important here.
1. A high civilization is one that has evolved to create new myths and therefore new memes to progress technologically and ethically. 2. A high civilization needs incremental wisdom in order to sustain itself. Technological wisdom is concomitant with meme transmission which facilitate for the generation of new sustaining technologies (Bateson 1973, p. 471) . 3. A high civilization has to be flexible and diverse in ideas in order to facilitate the "genetic and experiential diversity of persons" (Bateson 1973, p. 471) . 4. A high civilization will have to live in consideration of the environment and engage in ecologically friendly technologies (Bateson 1973, p. 471) . ISSN 1303 5150 www.neuroquantology.com 323 In these four criteria the function of ecological memes are central. Social flexibility is posited on positive interpretation of mythic genre as transmitters of adaptational principles. The pathologies of the present age indicate an over-emphasis of left brain hemispheric functions which have resulted in loss of adaptational strategies. This brain asymmetry needs to be redressed. The dilemma facing modern societies is one in which we are facing collective entropy due to widespread ecological degradation and loss of social flexibility. Bateson purports that a "budget of flexibility" of ideas is central to the workings of civilization and that the transmission of unwise ideas has led to our present pathology (1973, p. 475) . Ross (1986) , avers that our present civilisation is in need of a more integrated brain function which harmonises left and right brain hemispheres. Where would be the place of memes in such an integrated brain? Would such a unity generate more insightful memeplexes"? Would greater coalescence between the two brain hemispheres give rise to the emergence of a new cultural evolution? Core symbols or "relative operators" as Edith Turner calls them which are found in myths appear in various ways in different cultures. Significant here, is the cognitive imperative of core symbols which seek social redressal and reflects the stable neural environment (d'Aquili 1983, p. 257) . How would memes facilitate this process between neural and symbolic areas?
According to Campbell (1976, p. 674) , myth assists in the training of the human instincts and emotional life. As I have shown, the neuroanthropology of the brain views myth as inculcating basic life principles. Mythogenesis is intertwined in the neural chasis; the biogenetic roots of myth have influenced human cultural and biological evolution. The memetic complex of myth is facilitated by ergotropic and trophotropic systems which when working in unison may generate new memes. These memes are transmitted in mythopoeic forms between human generations that produce new possibilities for cultural evolution.
